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’ 


aA perfect substi- 
tute for small size 
forged steel balls 


at less than half 
the cost. 


SLUCOIDS are made of Rolled High Carbon 
Steel of special analysis and are of EQUAL 
LENGTH WITH DIAMETER. While they can 
be supplied just as cut from the special Steel 
Bars the HEAT-TREATED SLUGOIDS are to be 
recommended. The patent Heat-treatment pro- 
cess imparts a degree of Hardness not other- 
wise obtainable: Brinell Hardness No. 512 approx. 


Write for Samples and Prices 


HELIPEBS LTD. 


GLOUCESTER - ENGLAND 
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The Cuter CuHEmistT of one of the largest 
English Cement Manufacturers writes : 
“I must offer my congratulations on the 
excellence of ‘The Cement Chemists’ and 
Works Managers’ Handbook.’ I feel 
sure it will prove essential to those for 

whom it is intended.” 


“CEMENT CHEMISTS’ AND WORKS 
MANAGERS’ HANDBOOK” 


By W. WATSON, B.Sc., and Q. L. CRADDOCK, M.Sc. 


186 pages, 152 tables, 14 illustrations. Published 1940. 
Price 15s.; by post 15s. 7d. inland, 15s. 8d. abroad. 


IVES in handy form all the data used in the manufacture, 
chemistry, and testing of cement. An indispensable work of 
everyday reference. Saves time and labour, and ensures accuracy. 


Comparison in tabular form of the cement specifications of 33 countries ; 
Dimensions of various standard sieves; Weights and volumes of slurry; 
Capacities of tanks and kilns; Gas volumes per ton of clinker; Kiln data; 
Fan horse-power ; Volumes and weights of gases from kilns; Density of exit 
gases; Density of gases in kilns; Proportioning and chemical control of raw 
mixes ; Heat balance. 


Conversion tables (English-metric and metric-English)—Pressures, density 
and concentration, heat, work, energy, calorific values, specific surface, air 
passing through pipes, rate of flow. 


Physical tables.—Properties of substances, compounds, and _ alloys; 
Solubilities of gases in water ; Specific gravities of hydrochloric, sulphuric and 
nitric acids at 15 deg. C.; Connection between specific gravity, degrees 
Twaddell and degrees Baume ; Conversion of hydrometer readings to specific 
gravity; Weights of substances; Tension of aqueous vapour; Density and 
volume of water at different temperatures; Weights of sheet metal; Weights 
of water vapour and dry air in saturated air at different temperatures ; 
Calibration of pyrometers ; Heat units ; Combustion data; Freezing mixtures ; 
Evaporative power, calorific power and carbon value. 


Standard solutions and bench reagents ; Chemical tables (atomic weights, 
gravimetric factors, conversion of weights of precipitates). 


Chemical analysis (Argillaceous and calcareous materials, coal and coke, 
gypsum, cement). 


Testing of cement (Setting time, consistency, fineness, soundness, tensile 
strength). 
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The Sugar Test of Portland Cement. 


INFORMATION on the amounts of oxides extracted from Portland cement by the 
Merriman sugar test is given in a paper by Mr. E. P. Flint and Mr. P. H. Bates, 
of the United States National Bureau of Standards, published in Rock Products 
for October, 1940. The authors state that when the National Bureau of Standards 
was requested by a Government agency to obtain the sugar titration values of 
some cements which it was purchasing, the Bureau decided it would be of interest 
to determine the amounts of the oxides extracted by the sugar solutions from the 
cements. The results are given in Table 1. In Table 2 are given the analyses of 
the cements before extraction. 

Cements A-1 to A-4 in Table ¥ are four samples of the same brand. Similarly, 
B-1 to B-3 and C-1 and C-2 are samples of two other brands. The results obtained 
from these were so interesting that the remainder of the samples (D-K, Tables 1 
and 2) were taken from clinkers and cements under study at the Bureau in other 
investigations. The samples of clinker, secured from a number of mills, were 
ground to a specific surface of approximately 1,800 sq. cm. per gram with (-ct) 
and without (-ck) the addition of gypsum. Cement D has an unusually low A/F 
ratio. Cement E is low in silica. Clinker F has a very high K,O content. Clinker G 
is a white Portland cement clinker. Cement H is outstanding on account of its 
high Na,O plus K,O content. Cements I and J were selected because they 
represented standard and moderate heat-of-hardening clinkers respectively from 
the same mill, and cement K because it was an unusually high-silica, low-iron 
oxide and alumina cement of the low-heat as well as the sulphate-resisting type. 

Although the data presented cover a great deal of analytical work, they do 
hot represent a great enough variety of cements to permit drawing any positive 
conclusions regarding the fundamental nature of the test or its significance. 
Hence, in the following there are presented some statements regarding a number 
of the outstanding features of the test data : 
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(1) Of the 23 samples under observation, only five had a total titration value of 
10:1ml. orless. Hence the majority were unsatisfactory so far as the Merriman 
test was concerned. 

(2) It is evident that with few exceptions, and these are mostly with those 
cements which gave low titration values, all the constituents in the cement go 
partly into solution. There does not seem to be such marked preferential solution 
of any one constituent as would permit the presence of other constituents to be 
neglected. The large amounts of silica and iron oxide dissolved may be surprising 
to many. 

(3) Lime is present in solution in greatest amount. Next in amount is alumina, 
then silica (although in ten cases silica exceeds the alumina), then iron oxide, 
followed by smaller quantities of the volatile alkalis (Na,O and K,O), magnesia, 
and sulphur trioxide. 

(4) The relatively large amounts of Na,O and K,0O in the solution, although 
they occur in the cements in such small-quantities, are noteworthy. In three 
cases the sum of these oxides was greater than the amount of SiO,, Al,O,, or 
Fe,O;. These data confirm other analyses of water extracts of cement, which 
show that these oxides go into solution very promptly after the cement and 
water are mixed. 


(5) The very small amounts of dissolved sulphur trioxide are also surprising. 
Note particularly that when the titration values are low, the relative amounts 
of SO, are high. In these cases this oxide is present in greater amounts than 


any of the other oxides except lime. 


(6) When the titration values are low, it is evident that the dissolved magnesia 
is low. 

(7) Calculating the dissolved oxides to the compounds assumed to exist in 
the cements brings out some striking facts. In 12 of the 23 cases the C,AF has 
gone into solution to a greater extent than the C,A. In 17 of the 23 cases the two 
silicates together have dissolved to a greater extent than the aluminate or 
aluminoferrite. 

(8) The lime in excess of that required by calculation to combine with the 
other oxides is high in those cases where low titration values were obtained. This 
may be the reason why the dissolved magnesia is low in these cases. 

(9) In the instances where the titration values are low the large amounts of 
dissolved calcium sulphate and of lime in excess of the calculated compounds are 
noteworthy. 

(10) In the six cases where it is possible to compare clinker ground without 
and with the addition of gypsum, the addition of the gypsum gave a marked 
reduction in the titration values. For these cases, in the absence of gypsum 
(-ck), the values were too high for acceptance according to the Merriman test, 
while in the presence of the gypsum (-ct) the values were satisfactory in three 
cases (F-ct, H-ct, K-ct). A reduction of a value of 42 : 0 to 5: 1 due to the use of 
the gypsum is indeed noteworthy. 

(11) In the cases referred to in the preceding paragraph, the clinker ground in 
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the presence of the gypsum showed a marked reduction in the amounts of the 
silicates, aluminates, and aluminoferrite dissolved, and a marked increase in 
excess lime. It would seem as though, in the cases of the ground clinker, solution 
of the constituents takes place to a greater degree than with the cement, where 
apparently hydrolysis more than solution seems to have taken place. An alter- 
native possibility is that the Fe,O, and Al,O, extracted by the sugar solution 
may have been precipitated as calcium sulphoaluminate and calcium sulphoferrite 
by reacting with dissolved gypsum. 

(12) In five of the six cases the results obtained with the ground clinkers and 
the cements prepared from them show that the test cannot be considered as an 
indication of the degree of clinker burning. If the test were indicative of the 
degrve of burning, it would not be likely that the presence of the gypsum alone 
would produce such a marked reduction of titration values and reduction in the 
dissclved oxides (with one exception) as was found. But the single exception is 
outstanding and leaves one in doubt as to the significance of the test so far as 
degree of burning is concerned. 

(13) It is evident that too few data are at hand from this brief study of a few 
cements to permit drawing any generalisations on the reactions of the sugar 
solution with the cements. It is hoped, however, that those engaged in studying 
and using the test will extend their work to include determinations of the dis- 
solved oxides. The results presented here seem to indicate that this is essential. 


An account of the application of the sugar solubility test, and of the investiga- 
tion of the variables encountered, is given in Rock Products for January, 1941, 
by Mr. George Wiley, assistant superintendent of the Nebraska Cement Co. 
Mr. Wiley states that when the test was applied to the standard cement manu- 
factured by the Nebraska Cement Co. the index was above the amount allowed 
in the proposed specifications, and this was with well-burned clinker having a 
free lime content less than 0-50 per cent. It was then decided to determine, if 
possible, some of the variables affecting the sugar solubility. For the purposes 
of all the tests a large sample of clinker was taken and all tests reported are on 
this clinker unless otherwise noted. 


The first variable investigated was in burning. A small portion of clinker 
was divided into two parts. One part was taken to the machine shop and melted 
to the complete liquid state with a welding torch and allowed to cool slowly. 
Both the re-burned sample and the kiln sample were then ground in a Braum 
laboratory pulveriser to the surface areas shown in Table 3. It will be 
noted that the reburning reduced the free lime content slightly and reduced the 
sugar solubility only very slightly. As will be shown later this change in solubility 
could readily be accounted for by the differenee in surface areas of the two samples. 

The next variable investigated was the effect of fineness (indicated by surface 
area). At this time another effect was also observed, namely, the effect of using 
TDA as a grinding aid. Two tests were made in a laboratory ball mill charged 
with 20 lb. of clinker and 0:7 lb. of gypsum, and on the TDA run } of 1 per cent. 
TDA in ro per cent. solution was added. The surface area has a very pronounced 





Pace 60 CEMENT AND LIME MANUFACTURE Aprir., 194] 


effect on the sugar solubility (Fig. 1). The cements that would pass satisfactorily 
at surface areas below 2,000 sq. cm. per gramme would fail several times over at 
higher surface areas. However, the most surprising difference is that between 
the solubility index of the clinker and the cement at approximately the same 
surface areas ; the only difference is the addition of gypsum to the cement. 


It was thought that this difference might be caused by the moisture present 
in the gypsum, so tests were made with the addition of varying quantities of 
water to the clinker just before grinding; 0, 0-5, I, 2, and 5 per cent. of water 
were added and then all samples were ground to approximately the same surface 


TABLE 3.—SuGar SovusBiLity Test Data. 


Surface Free 
Number Area CaO Pheno Clear Remarks 


1 1345 0.43 $7.7 54.5 Clinker as taken from kiln 
2 1180 0.35 33.0 50.0 Reburned clinker 
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area. The sample with no added water was reasonably close to the carlier 
tests (Fig. 2). The sample with 0-5 per cent. moisture added gave one of the 
lowest readings ever obtained in the laboratory. All the samples with added 
water gave low readings. The samples with 0-5 to 1 per cent. water showed a 
normal and dry appearance after grinding. The 2 per cent. sample showed 
some evidence of moisture but this was not obvious to casual inspection. The 
5 per cent. sample was noticeably damp. 

It was then decided to see if the method of introduction of water would have 
an effect on the solubility index. Five 100-gramme portions of this ground 
clinker were placed in 1-quart friction-top cans and two filter papers were sus- 
pended in the upper part of the can. Water was placed on the filter paper in 
amounts of 0, 0-5, I, 2, and 5 per cent. by weight. After 48 hours the cans were 
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opened and a sugar solubility test made. The samples (Fig. 3) with 0-5 and 1 
per cent. of water showed no evidence of caking or lumping. The sample with 
2 per cent. had slight caking on the surface of the cement which was easily broken 
up by screening. The sample with 5 per cent. was caked completely through 
the layer of ground clinker, but could be broken up by screening. Here again 
the introduction of moisture has a very pronounced lowering of the sugar solubility 


SUGAR SOLUBILITY TEST | 
SUGAR SOLUBILITY VS SURFACE AREA 
BLANK & TQA,GRINDS 


Fig. 1.— Relation of Sugar Solubility to 
Surface Area of Ground Clinker. 


EFFECT OF ADDITIONS OF 
VARYING PERCENTAGES OF 
WATER TO CLINKER JUST 
BEFORE GRINDING. 


/ 2 3 + 5 
MOISTURE ADDED—% BY WEIGHT 


Fig. 2.—Effect of adding Varying Percentages 
of Water to Clinker just before Grinding. 


index. The samples are being retained and tests will be made from time to 
time to determine the changes produced by ageing. 

Mr. Wiley has reached the following conclusions: (1) Other things than 
burning have large effects on the results of the test. (2) The results depend to 
a large extent on the fineness of the sample. (3) The introduction of small 
amounts of water to the grinding effect a decided lowering of the solubility index. 


(4) Storage of cement in a moist atmosphere will effect a decided lowering of the 
solubility index. 





PAGE 62 CEMENT AND LIME MANUFACTURE Aprir., 194] 


It is his opinion that the test for underburning by the proposed sugar solubility 
test is not practical because of these conclusions, which in all cases have a much 
greater effect on results than any reasonable variation in burning operations. 

In the same number, Mr. N. T. Stadtfeld (of the Board of Water Supply of 
the City of New York) says there are certain deductions in the paper by Messrs, 
Flint and Bates which may be challenged. The statement, he says, is made that 
the sugar test in five of the six cases investigated, with and without the addition 
of gypsum, cannot be considered as an indication of the degree of clinker burning, 
The reasoning leading to this statement is based on the premise that “ it would 
not be likely that the presence of the gypsum alone should produce such a marked 
reduction of titration values and the reduction in the dissolved oxides.”’ 

The action of the mechanical mixture of gypsum with clinker is an unsolved 
mystery in respect to its influence on setting time, soundness, and early strength, 


EFFECT OF EXPOSING 
GROUWP CLINKER TO 


! 2 3 * 
THE MOISTURE IN AIR 
TOTAL IN % OF WGT OF CLINKER 


Fig. 3.—Effect on Sugar Solubility Test of 
Exposing Ground Clinker to Moist Air. 


and its influence on the sugar test results need be no exception. It is therefore 
to be regretted that if a deduction of this kind were contemplated by the authors, 
they did not include in their investigation the simple procedure of observing 
whether the clinker obtained was hard-burned or otherwise. Observation at 
cement mills for a period of three years proves to me that, for cement within 
certain chemical limits, the sugar test does indicate the degree of burning. The 
test is definitely connected with other requirements in the Board of Water Supply, 
City of New York, specification, which calls for kiln temperature control, a low 
alkali content, a minimum silica content of 21°5 per cent., a maximum alumina 
content of 5-60 per cent., and an alumina-over-iron ratio of 1-20 to 1-60, to name 
the more important ones. The test is not applicable to high-early-strength 
cement which is notably hard-burned in order to be sound, but overlimed, or to 
white cement which, according to the authors’ sample, contained 5:1 per cent. 
of free lime. 
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It is also doubtful whether any cement with a much higher alumina content 
and higher alumina-iron ratio than specified could easily pass the test even when 
hard-burned. But within the limits stated, kiln temperature record sheets show 
that the temperature is definitely considered by the producer as an index of 
what is to be expected in the sugar test results. A drop in temperature for a 
period of half an hour or more leads to the rejection of a bin ; this occurs very 
infrequently as in all the ten plants where this cement is now being made to a 
conibined total of 350,000 barrels per month, control is exercised to a marked 
degree. All producers are convinced that thorough burning is a pre-requisite 
for the passing of the sugar test. They have installed, in a majority of cases, 
a h:zh-heat-resistant lining in the burning zone. 

Results of an experiment carried out at one of the mills, where temperatures 
of the burning zone were carefully controlled, should dispel all doubt as to the 
relation between the sugar test and burning temperatures. On several successive 
days the normal product was made, the only variable being the kiln temperature, 
which was varied until the maximum difference was 135 deg. F. Cement made 
from clinker obtained at the highest temperature showed a sugar solubility of 
2:1, and that at the lowest 56-0. One more point which has been brought up 
many times is whether it is necessary to burn so hard to obtain durable concrete. 
Cement made in accordance with the specifications of the Board of Water Supply 
forms concrete with every indication of durability ; it is rock-like in appearance, 
rich in amorphous substance, and free from laitance and chalky matter. It no 
doubt contains a factor of safety, the extent of which is unknown. 

To Mr. Stadtfeld’s contribution Mr. P. H. Bates replies as follows : 

Clinkers H and J were very well burned hard clinker. The others would 
possibly not qualify other than well burned clinker. From Tabdle 1 of the paper 
(see p. 56) it will be noted that cements prepared from these two clinkers without 
the addition of gypsum during the grinding yielded in both cases a product that 
would not pass the sugar test. But one of these, namely, H, when ground in the 
presence of gypsum yielded a satisfactory cement, whereas the other was still 
unsatisfactory. Mr. Stadtfeld comments on the fact that the test is not applicable 
to high-early-strength cement. However, cement E is a high-early-strength 
cement and was well able to pass the Merriman test. It is also to be noted that 
all the cements which did pass the sugar test fell without the alumina-iron ratio 
which is used in the specification of the Board of Water Supply. 
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Refractory Cements for Kiln Linings. 


In the course of a paper on the basic refractory materials found in Canada, read 
before the Canadian Institute of Mining and Metallurgy, Mr. F. E. Lathe (of the 
National Research Council of Canada) dealt with refractory cements used in 
kiln linings. The joints between refractory bricks have, he said, long been 
recognised as zones of weakness, and most metallurgists endeavour to make all 
bricks fit as closely as possible. Sometimes the precaution has been taken to 
grind bricks to make them true to shape—a rather expensive operation, yet one 
that has sometimes been justified by the better results obtained. There has 
thus been a tendency to avoid the use of refractory cements. Nevertheless, if 
properly selected in relation to the refractory brick used, cements may perform 
important functions. The tight closing of a joint prevents air infiltration and the 
escape of furnace gases, thus diminishing heat losses ; it decreases spalling by 
reducing internal stresses caused by uneven heat penetration, it prevents the 
penetration of slag and dust, which are frequently the cause of severe erosion, 
and gives substantially greater mechanical strength to a structure. 


The cement should be of such a character as merely to fill the minimum 
spaces between refractory bricks, and not keep the brick surfaces apart. In order 
to permit the bricks to come into contact with one another the cement must be 
extremely plastic and water-retentive, so that the excess cement can readily be 
squeezed out. In view of these facts, there had been developed a combination 
of chemicals which, when incorporated in other materials and moistened with 
water, would react to produce an exceptionally plastic mass. These chemicals 
have been added to cements of various types and also to certain ramming mixtures, 
the quantity being varied so as to produce the desired degree of plasticity. The 
commercial introduction of highly plastic material based on this development 
has, within a few years, gone far to reverse metallurgical practice in the use of 
cements. Using these plasticising agents and other chemical bonds, two cements 
for fire-clay bricks have been developed, one a high-grade plastic cement for 
general use in boiler settings, metallurgical furnaces, etc., and the other a still 
more refractory cement possessing a strong bond at all temperatures and designed 
particularly for use with high-grade fire-clay and high-alumina bricks in furnaces 
where refractoriness is a major consideration. These also permit thin joints, 
and great economy in the use of material. Basic bricks require either a basic or 
neutral cement in order to avoid reaction of the cement with the bricks and with 
basic slag or dust with which it may come in contact. A cement has been 
developed from fine non-hydrating magnesitic-dolomite and various plasticising 
and bonding agents which is economical and satisfactory for use in laying all 
kinds of basic bricks. 


An advantage of a high-grade chrome-ore cement is that it can be used on 
fire-clay, silica, basic or neutral brick. It is particularly applicable for use with 
fire-clay and chrome brick when high refractoriness is required, and between 
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brick of distinct types, which, but for the cement, might react with one another. 
An improved chrome cement, based on a selected chrome ore, has been developed 
by the incorporation of six additional agents. This cement has excellent plasticity, 
good strength at all temperatures, and a high degree of refractoriness. 


Building-up and Corrosion-Proofing of Metal. 
THE METALLISING PROCESS. 

THE metallising process for building-up worn surfaces and applying corrosion- 
resistant coatings, and which is said to be in use in two thousand industrial works 
in the United States, is described in a recent number of the Cement Mill edition 
of ‘“‘ Concrete ’’ by Mr. W. C. Reid, vice-president of the Metallising Engineering 
Co., Inc., of New York. Some of the salient features of the metallising process 
are: (a) There is no possibility of heating the surface being metallised to a point 
where warping, crystallisation, or heat stresses occur; (6) The ease with which 
any metal commercially obtainable in the form of wire can be handled, and the 
facility with which dissimilar metals can be applied; (c) The ease with which 
many jobs can be done im situ, which eliminates complete dismantling ; (d) The 
versatility of metallising, which enables it to be used with metals ranging from 
lead to the alloy steels, and on work ranging from building-up armature shafts 
to coating rotary kilns with aluminium, or water tanks with zinc. 

Applications of the process in cement mills and quarries are as follows : 

On locomotives, cranes, excavators, shovels, quarry trucks, cable trucks, 
and hoisting equipment, the applications can be divided into two groups, building- 
up and corrosion resistance. Under the first heading comes the restoration to 
original dimensions of pistons, piston rods, throttle valves and stems, pump 
plungers, axle bearings, crankshaft bearings, press fit diameters for rolls and ball 
bearings. Under the second heading is the application of zinc to quarry and cable 
trucks, structural steel, and equipment that is subject to corrosive conditions. 

Rotary kiln trunnion bearings, gudgeon shafts, mill hammer shafts, screw 
conveyor shafts, drive shaft bearings, as armature shaft bearings, are metallising 
maintenance jobs involving the restoration of the worn areas to original dimensions 
using, in many cases, a harder and more wear-resistant metal than the original. 
In a large cement mill a coupling came loose in the shaft of a 400-h.p. synchronous 
motor connected to two tube mills and badly scored the shaft, besides damaging 
the keyway. Without dismantling, the old keyway was welded up and another 
cut in the opposite side. The shaft was prepared by using the shaft preparation 
tool, metallised and machined to its original dimensions, which allowed for a 
“shrink ” fit for the coupling. During the preparation, metallising, and finish- 
machining, the shaft was rotated under its own power. It was estimated that 
replacement would have cost in the neighbourhood of a thousand dollars in addition 
to the stoppage of the mill. 

The normal building-up job is done in its entirety in a lathe. The operations 
are as follows: (1) Degrease and mount in lathe; (2) Undercut and prepare 
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surface to be built up; (3) Metallise ; (4) Finish machine or grind. In the case 
of armature shafts removal of the winding is unnecessary, and distortion c/ the 
commutator or shaft is impossible. 


Rotary kilns which, due to heat and sometimes to exposure, corrode 01: the 
exterior surfaces can be metallised with aluminium, which will withstand inuch 
greater temperatures than are encountered without blistering or pecling ; whether 
the mositure is in the form of rain or condensation. Quarry trucks and equipment 
subjected to abrasion as well as weather conditions can be metallised with zinc, 

The metallising gun is designed to feed large-gauge wires automatically into 
the centre of an oxy-acetylene, oxy-propane or oxy-natural-gas flame that is 
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Fig. 1.—Diagrammatic Cross-Section of Wire Nozzle and Air Cap. 


surrounded by a sheath of high-pressure air which atomises the metal as soon as 
it reaches its melting point and projects it upon the surface being metallised 
(see Fig. I). 

The foremost extremity of the gun (i.e. the air cap covering the tip or wire 
nozzle) is kept between 6 in. and gin. from the surface being metallised. The 
flame never touches the surface ; thus the heat transmitted to the surface will 
seldom exceed 200 deg. F. 


The total cost of metallising a worn part compared with its replacement 
cost, plus shut-down periods, and labour, usually shows an appreciable saving. 
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Fly Ash as a Pozzolanic Material. 


EFFECT ON WEATHER RESISTANCE OF CONCKETE. 


In the year 1937 a report was presented to the American Concrete Institute by 
Messrs. R. E. Davis, R. W. Carlson, J. W. Kelly and H. E. Davis* in which it 
was shown that fly ashes of low carbon content and high fineness are excellent 
pozzolanic materials when used as replacements, by weight, for as much as 
30 per cent. of Portland cement and—under mass-concrete conditions—for as much 
as 50 per cent. of the Portland cement. Further investigations, by Messrs. H. E. 
Davis, R. E. Davis, and J. W. Kelly have now been reported to the Institute, in 
which the test for weathering resistance involved short cycles of rapid freezing 
and thawing of saturated concrete ; the cycles were continued until the specimens 
(3-in. by 6-in. cylinders) lost 25 per cent. in weight through disintegration. 

From ten different sources were obtained eleven fly ashes having a wide range 
of carbon content and fineness. There were four groups of fly ashes; in each 
group the carbon content was approximately constant (1-2, 7-9, 12-14, and 16-17 
per cent. carbon). Within each group there were two or more fly ashes differing 
greatly in fineness. For each fly ash, two fly-ash cements were tested; one 
containing Io per cent. by weight of fly ash and go per cent. of Portland cement, 
and the other 20 per cent. of fly ash and 80 per cent. of Portland cement. The 
fly ash and Portland cement were mixed in a steel drum equipped with steel 
blades. The Portland cement used was of the “‘ modified ’’ or moderate-heat-of- 
hardening type (56 per cent. tricalcium silicate, 16 per cent. dicalcium silicate, 
6 per cent. tricalcium aluminate, and 16 per cent. tetracalcium alumino-ferrite). 


It was ground to a specific surface of 2,360 sq. cm. per gramme as computed 


on the basis used in this investigation, or 2,180 sq. cm. per gramme on the 
A. S. T. M. basis. 


Test Results. 

FINENESS.—The particle-size distribution and specific surface of the fly ashes 
were determined by the hydrometer method, with water (and a dispersing agent) 
as the suspending medium. The weight was corrected for the solubility of a 
portion of the fly ash in water and the determinations of density and viscosity 
of the suspending medium included the effect of the soluble portion of the fly ash. 
Fly ashes have a relatively high percentage of particles in the smaller, and 
therefore most important, sizes with regard to surface area. In order to obtain 
as nearly as possible a true picture of the relative finenesses, it was necessary to 
compute the specific surface on a basis which involved several increments within 
the range below 10 microns and which took account of the material finer than 
I micron. The specific surface of the fly ashes on this basis ranged from 2,500 
Sq. cm. to 5,500 sq. cm. and averaged 3,700 sq. cm. per gramme. The Portland 
cement had a specific surface of 2,360 sq. cm. per gramme on this basis as com- 
pared with 2,180 sq. cm. per gramme on the A. S. T. M. basis. 

SPECIFIC GRAVITY.—The specific gravity of the eleven fly ashes ranged from 
208 to 2-61 and averaged 2:33. There was no consistent relation between 


* Journal Amer. Conc. Inst., May-June 1937. 
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specific gravity and carbon content of fly ash, or between specific gravity of fly 
ash and the performance of the fly-ash cements in mortar and concrete. 

WATER REQUIREMENT.—For fly ashes of low carbon content (I and 2 per cent.), 
the water requirement (of concrete) was generally lower than that for the Portland 
cement, and was about the same for a 20 per cent. replacement as for a Io per cent. 
replacement. For fly ashes of medium and high carbon content the water 
requirement (of concrete) was generally higher than that for the Portland cement, 
and was higher for a 20 per cent. replacement than for a Io per cent. replacement. 
Beyond this there was no consistent relation between carbon content and water 
requirement. In general, the finer the fly ash the lower the water requirement. 

TIME OF SETTING.—Although the fly-ash cements set more slowly than the 
Portland cement with which they were mixed, the times of setting were within 
the limits permitted by standard specifications. The greater the percentage of 
fly ash the slower the setting. The time of setting was not affected greatly or 
consistently by carbon content or fineness of fly ash. 


SOUNDNESS.—AlIll of the cements were sound as indicated by the standard 
steam test on a neat-cement pat. In the recently adopted standard autoclave 
test for soundness of cement the expansion of the fly-ash cements was only 
one-fifth to two-thirds that of the Portland cement. The greatest expansion 
of any fly-ash cement was 0-04 per cent. The greater the lime content or the 
free-lime content of fly ash, the greater the autoclave expansion. There was no 
marked effect of FeO or carbon. To a slight extent the finer the fly ash the 


greater the expansion. 

STRENGTH.—At ages of 7 and 28 days the fly-ash cements containing Io per cent. 
of fly ash developed concrete strengths which were about the same as, or somewhat 
higher than, those for the Portland cement. At the age of one year, all the 
fly-ash cements were considerably stronger than the Portland cement. The 
20 per cent. fly-ash cements were relatively low in concrete strength at 7 days, 
but at 28 days they were approaching or exceeding the Portland cement and at 
one vear ten of the eleven cements exhibited higher concrete strengths than did 
the Portland cement. 

The strength of concrete was generally lower for the fly-ash cements containing 
20 per cent. of fly ash than for the ro per cent. replacements. There was no 
consistent relation between carbon content of fly ash and strength of concrete. 
With a few exceptions, the finer the fly ash the stronger the concrete. Of the 
fly-ash cements containing a given percentage of fly ash, those of relatively low 
water requirement generally exhibited relatively high strengths of concrete. 
In general, the higher the strength the greater the resistance to the action of 
freezing and thawing. However, the range in strength is so small that it would 
be impossible to predict durability from strength with any reasonable degree of 
precision. 

VOLUME CHANGES.—Concrete specimens in the form of 14-in. by 14-in, by 12-in. 
bars were stored continuously moist at 70 deg. F. up to the age of six months. 
The expansion ranged from 30 to 65 millionths, there being no significant difference 
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between the various fly-ash cements. For the Portland cement the expansion 
was 50 millionths. ; 

Other concrete bars were standard-cured for 28 days and then exposed to 
drying at 70 deg. F. in air of 50 per cent. relative humidity. The net contractions 
at ages up to six months, referred to the length at one day, for fly ashes of 
carbon content less than I0 per cent., were generally less than that for 
the Portland cement. For fly ashes of carbon content greater than Io per cent. 
the contraction was generally about 5 per cent. greater than that for the Portland 
cement. On the whole the effect on contraction of using fly ashes in percentages 
up to 20 was small. 

WEATHER RESISTANCE.—The freezing-and-thawing test employed involves 
cycles of rapid freezing and thawing of saturated concrete, and is far more severe 
than the usual natural weathering where the freezing and thawing occur slowly 
and much less frequently. For this reason the test was begun at the age of five 
months, when the concrete had developed a reasonably large proportion of its 
ultimate strength. 

The concrete specimens (3-in. by 6-in. cylinders) were cured moist at 70 deg. F. 
for tive months, and then were alternately frozen at -15 deg. F. and thawed at 
70 deg. F., while continuously saturated, until the specimens had lost 25 per cent. 
through disintegration. At intervals during the period of treatment the specimens 
were inspected, weighed, and measured to determine the linear expansion. 

The number of freezing-and-thawing cycles required to produce a loss in 
weight of 25 per cent. ranged from 130 to 360. The other measures of disintegra- 
tion correlated fairly well with the loss in weight, although there was a tendency 
for the concretes of relatively low weathering resistance to disintegrate by 
softening throughout, whereas those of relatively high resistance finally failed 
by disintegration from the exterior. Only one fly-ash cement exhibited a lower 
resistance than the Portland cement, and the difference (4 per cent.) was slight. 
On the other hand, one fly-ash cement required 2-65 times as many cycles as the 
Portland cement. On the average, the cements containing 10 per cent. of fly 
ash were I-47 times asresistant as the Portland cement, while cements containing 
20 per cent. of fly ash were 1-76 times as resistant as the Portland cement. 

In general, the finer the fly ash the greater the resistance to the action of 
freezing and thawing. There was no consistent effect of carbon content ; this 
lack of correlation indicates that high carbon content in itself (within the limits 
of the tests) is not detrimental to weathering resistance. 

Of the many chemical properties and combinations of properties which were 
investigated to determine if possible a relation between chemical composition 
and durability, the closest correlation was obtained with the portion of the fly 
ash, exclusive of the oxides of iron, that was soluble in dilute (1 : 3) hydrochloric 
acid, or (100—insol. res.)—Fe,0,—FeO. That is, generally, the greater this 
solubility index the higher the weathering resistance. The index also correlated 
fairly well with strength and drying shrinkage of concrete—the greater the solu- 
bility the higher the compressive strength and the lower the shrinkage. 
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Conclusions. 
The following general conclusions apply to the range of conditions of the 
tests : it became apparent from the results that no single characteristic, or simple 
combination of characteristics, controls the performance of a fly ash in concrote. 


(x1) Compared with the Portland cement, the fly-ash cements exhibited con- 
siderably lower autoclave expansions; about the same drying shrinkage of 
concrete ; and—with minor exceptions—considerably greater resistance of 
concrete to the action of freezing and thawing. 


(2) Nine of the eleven 10 per cent. fly-ash cements were somewhat stronger 
in concrete than the Portland cement at the ages of 7 and 28 days; and at the 
age of one year all the fly-ash cements were considerably stronger than the 
Portland cement. The 20 per cent. fly-ash cements were relatively low in concrete 
strength at 7 days, but they approached or equalled the Portland cement at 
28 days and (with one exception) exceeded it considerably at the age of one year. 


(3) The percentage of replacement of Portland cement with fly ash had little 
effect on shrinkage. The fly-ash cements containing 20 per cent. of fly ash were 
generally somewhat lower in strength but were generally more resistant to 
weathering than the Io per cent. replacements. 


(4) The carbon content of fly ash showed no consistent effect on soundness, 
strength, shrinkage, or weather resistance. Thus it appears that, within the 
limits of the tests, carbon content in itself was not detrimental to concrete 
quality. 

(5) Compared with fly ashes of relatively low fineness, those of high fineness 
generally exhibited a lower water requirement to produce a fixed consistency 
of paste or concrete, slightly greater autoclave expansion, greater strength of 
concrete, about the same drying shrinkage, and higher resistance of concrete 
to the action of freezing and thawing. 


It appears that fly ashes of fairly high carbon content but of reasonably high 
fineness may be used in small percentages as a replacement for Portland cement, 
with the probability that—with proper conditions of curing and normal 
conditions of exposure—such use will lead to an improvement in the quality of 
concrete, particularly as regards weather resistance, over that which could be 
obtained with the Portland cement alone. Although the investigations were 
limited to one Portland cement (of the modified type), study of the results of 
the previous investigation indicates that similar improvement may be expected 
with high-early-strength, normal, and low-heat Portland cement. 


Within the limits of fineness and carbon content of fly ash covered by this 
investigation, and for percentages of replacement up to 20, it is believed that 
the suitability of a given fly ash can be ascertained by the standard physical 
tests for cement, that is, by determining the time of setting, soundness (by auto- 
clave), and tensile or compressive strength of mortar for a cement containing the 
fly ash under consideration. 





Apri, 1941 CEMENT AND LIME MANUFACTURE Pace 71 


Efficiency of Lime Kilns. 


THE importance of the proportions of air and gas, length of flame, and turbulency 
in the efficiency of lime kilns is discussed by Mr. V. J. Abze in a recent number of 
“ Rock Products.”’ The writer states that to obtain a waste-gas analysis of zero 
carbon monoxide in either a vertical or rotary kiln does not by any means indicate 
that the loss due to incomplete combustion may not prevail, possibly even to a 
rathe: considerable extent. If an analysis could be made of the gases leaving 
the calcining section and these should be low in CO, then the assumption of no 
loss would be correct. But most kilns operating with low excess air pass gases 
which continue to burn into the preheating section of the kiln, and therefore 
waste all of the heat still to be developed. It is typical of all types of kilns, and 
particularly rotary kilns, to have an excess of heat for preheating stone. This 
can be proved on theoretical grounds, and no matter how long the rotary kiln is 
made, or how high the shaft kiln, terminal temperature is not reduced by any 
great amount. The escape of burning gases into the preheating zone greatly in- 
creases the temperatures at the outlet. If complete combustion had taken 
place in the hot zone, more lime would have been made and so more stone would 
have passed through the preheating zone to cool the gases. On the other hand, 
with combustion taking place over the line of the calcining-preheating boundary, 
the effect is virtually the same as if there were a burner under the stack heating 
the gases passing to the atmosphere. 

In rotary-kiln plants many operators prefer a long flame, and in many kilns 
the flame not only rolls into the preheating section but often clear through and 
out at the end. In the latter case all the preheating of the stone was accomplished 
with the heat that should have been making the lime. To have radiant conditions 
in rotary kilns is very important, and a luminous flame will throw far more heat 
to the limestone surface than a non-luminous flame, although they have equally 
hot gases. But with too long a flame the fuel ratios will greatly suffer. 

Within limits a somewhat too long flame, although lowering fuel economy, 
would raise kiln capacity. But the point is soon reached where this is no longer 
true, as the maximum of temperature and radiancy is obtained at nearly perfect 
combustion. When there is a surplus of fuel the flame dulls ; this is a harmful 
condition, since radiation is a factor of the fifth power of temperature difference 
and a small drop in temperature means a big drop in the heat transfer rate. 


Relative Combustion Advantages of Rotary and Shaft Kilns. 


Both rotary and vertical kilns differ in certain respects from any other com- 
bustion apparatus. The rotary kiln has about the greatest combustion space 
per unit of fuel burned, which tends to favour complete combustion. The vertical 
kiln is deficient in combustion space, but favours the combustion process through 
intimate mixing and remixing of the streams while avoiding the charge on the 
way upward. 


In rotary kilns, after the initial turbulence, the flow is mainly laminar and 
there is little intermixing between the upper and lower streams. Therefore if 
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turbulence at the start is not sufficient to get the combustible material and the 
air together in the atomic sense before reaching the end of the turbulent region, 
then combustion will be delayed far up the kiln even if there is sufficient oxygen 
present in the whole. Increasing the excess air will give a more rapid and complete 
combustion under any conditions ; the loss due to carbon monoxide passing into 
the pre-heating zone will be less, but excess air will then be the carrier of heat over 
the line of demarcation between calcining and preheating sections. Excess air 
is needed but the striving should be towards a state of turbulency under which 
combustion will be complete near the end of the calcining zone under conditions 
of a minimum of excess air. 

Shaft kilns tend to favour the combustion process. The hydrocarbons pass 
through a high-temperature zone where they separate into elementary gases 
of CO and H. These gases are mixed and remixed repeatedly with air through 
the baffling effect of the lime in the vertical shaft, and this type of kiln is the only 
combustion apparatus where the producers can contain only carbon dioxide, 
nitrogen, and moisture simultaneously with no oxygen and no carbon monoxide ; 
and even when air is deficient and there is a percentage of CO, and the fuel isa 
hydrocarbon gas, none of the latter will be found in the waste gases. To obtain 
this state of perfect combustion, the initial air-gas distribution must be right. 
If there is insufficient oxygen, then naturally there will be CO present. A shaft 
lime kiln also has many vertical streams and there is not much mixing between 
them. For best results air-gas proportions must be nearly correct in all these 
streams, which is not easy to accomplish in most kilns. As the streams must 
start nearly right in the oxygen-combustible proportion when beginning their 
upward travel, heat is developed in the ro ft. or 12 ft. of height in which the lime 
is made. If one stream deficient in air mixes with another having an excess of 
air above this level, a state of complete combustion will result, but the heat will 
be developed high up in the kiln, and possibly too late to make lime and, as in the 
case of rotary kilns, to all effects and purposes be wasted. A state of complete 
combustion is desired in this case with a minimum of excess air in all of the many 
separate streams that independently percolate up through the lime. Otherwise 
there will be a loss regardless of the terminal indications. 
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